This study reports the description of the karyotype of Mugil incilis from Venezuela. The chromosome complement is composed of 48 acrocentric chromosomes, which uniformly decrease in size. Therefore, the homologues can not be clearly identified, with the exception of one of the largest chromosome pairs, classified as number 1, whose homologues may show a subcentromeric secondary constriction, and of chromosome pair number 24, which is considerably smaller than the others. C-banding showed heterochromatic blocks at the centromeric/pericentromeric regions of all chromosomes, which were more conspicuous on chromosomes 1, given the C-positive signals include the secondary constrictions. AgNO 3 and fluorescent in situ hybridization (FISH) with 45S rDNA demonstrated that the nucleolus organizer regions are indeed located on the secondary constrictions of chromosome pair number 1. FISH with 5S rDNA revealed that the minor ribosomal genes are located on this same chromosome pair, near the NORs, though signals are closer to the centromeres and of smaller size, compared to those of the major ribosomal gene clusters. This is the first description of co-localization of major and minor ribosomal genes in the family. Data are discussed from a cytotaxonomic and phylogenetic perspective.
Introduction
The fish family Mugilidae (mullets) is composed of approximately 70 species and it inhabits coastal and brackish waters of all tropical and temperate regions of the world (Thomson, 1997; Froese & Pauly, 2010) . Recent cytogenetic studies carried out on several Mugilidae species from Venezuela (reviewed in Sola et al., 2007 Sola et al., , 2008 have provided information regarding several interesting systematic and cytotaxonomic issues within the family. For example, the cytogenetic studies made it possible to establish that Mugil rubrioculus is a separate species from M. curema (Nirchio et al., 2003 and also indicated the likely existence of a species complex within M. curema (Nirchio & Cequea, 1998; Nirchio et al., 2005a) . Moreover, the localization of major and minor ribosomal genes revealed that the 48 uniarmed chromosome karyotype, displayed by all the Mugilidae species, with the exception of M. curema, is much more differentiated than the macromorphology of chromosomes would suggest (Sola et al., , 2008 .
According to Cervigón (1993) , in Venezuela the family Mugilidae is represented by six mullet species, four of which, Mugil curema, M. rubrioculus (identified as M. gaimardianus), M. liza, M. trichodon, have already been cytogenetically investigated (reviewed in Sola et al., 2007 Sola et al., , 2008 . The karyotype of M. curvidens has yet to be described, while for M. incilis little chromosome information is available for specimens from Brazil (Pauls et al., 1998; Galetti et al., 2000; Netto et al., 2007) .
This study was carried out to continue the karyological characterization of Venezuelan mugilids, presenting cytogenetic data of the parassi mullet, Mugil incilis. This species lives in brackish estuaries but also in the marine and hyper-saline waters (Cervigón et al., 1992) of the Western Atlantic from the West Indies and the Atlantic coasts of Central America southward to Brazil (Froese & Pauly, 2010) . This paper reports the chromosome number and formula, constitutive heterochromatin distribution by C-banding and the locations of major and minor ribosomal genes by Ag-staining and Fluorescent in situ Hybridization (FISH) in M. incilis.
Material and Methods
A total of nine specimens of Mugil incilis were caught with seine nets in La Restinga Lagoon, Venezuela, in March 2009. Morphological species identification was based on Cervigón (1993) and Harrison (2002) . For a subset of five specimens, a fragment of cytochrome c oxidase subunit I (COI) mitochondrial gene was amplified and sequenced in order to evaluate the species identification. For this molecular analysis white muscle tissue was excised from fishes and preserved in 95% alcohol. DNA isolation and polymerase chain reaction followed the procedures reported in Ward et al. (2005) . Voucher specimens were deposited at the Ichthyology Collection of the Escuela de Ciencias Aplicadas del Mar, Universidad de Oriente .
Chromosome preparations were obtained from cephalic kidney cells using conventional air-drying techniques (Foresti et al., 1993) . Silver-stained nucleolus organizer regions (Ag-NORs) were obtained by chromosome impregnation with silver nitrate as described by Howell & Black (1980) . C-bands were obtained following the method of Sumner (1972) .
The 45S and 5S rDNA clusters were mapped by FISH following the method of Pinkel et al. (1986) . The 45S rDNA probe (kindly provided by Angelo Libertini) contained the 18S-5.8S-28S genes plus an intergenic spacer from Drosophila melanogaster and was labelled by random priming with biotin using the BioPrime Labeling system (Invitrogen). The 5S rDNA repeat probe was generated by PCR with the primers 5SA (5'TAC GCC CGA TCT CGT CCG ATC3') and 5SB (5'CAG GCT GGT ATG GCC GTA AGC3') (Martins & Galetti Jr., 1999) from genomic DNA of Squalius lucumonis and directly labelled with biotin-14-dATP. Posthybridization washes were carried out at low stringency (37ºC, 10 min each). Signals were detected and amplified by a two-round application of Avidin-FITC/biotinilated Antiavidin (Vector). Metaphases were counterstained with 4',6-diamidino-2-phenylindole (DAPI) and propidium iodide, and examined under a Zeiss Axiophot epifluorescence microscope equipped with the appropriate selective filters. The images were acquired using a SenSys 1400 CCD camera and then artificially coloured and elaborated with Photoshop CS3 (Adobe Systems Inc).
Results
The COI fragments obtained from PCR amplification from five specimens ranged from 567 to 654 nucleotides in size. Sequences were deposited in GenBank (accession number HQ285927-HQ285931) and blasted in the Barcode of Life Data Systems (BOLD). Sequence similarity (calculated on the common 567 nucleotides) was 99.8% among the five M. incilis specimens analyzed and up to a maximum of 94.5% with M. curema and M. liza (identified as M. platanus) and of 94.66% with M. trichodon. In all analysis, the M. incilis specimens form a separate lineage from the other Mugil species with sequences already included in the Genbank and BOLD.
In all the nine parassi mullet specimens examined, the karyotype ( Fig. 1 ) was found to be made of 2n=48 acrocentric chromosomes (Fundamental Number of arms, FN=48). Chromosomes uniformly decrease in size, making it difficult to clearly identify the homologues, with the exception of one of the largest chromosome pairs, classified as number 1, Fig. 1 . Giemsa-stained karotype of Mugil incilis. Scale bar = 10 micron. whose homologues may show a more or less pronounced subcentromeric secondary constriction, and of chromosome pair number 24, which is considerably smaller than the others.
C-banding (Fig. 2a) , sequential to Giemsa-staining (not shown), revealed a prominent C-positive block on chromosome pair number 1, which seems to include both the centromeric/pericentromeric heterochromatin and the secondary constrictions themselves. All remaining chromosomes show C-positive heterochromatin in the centromeric/pericentromeric regions. Ag-staining revealed the Ag-NORs (Fig. 2b) , located on the secondary constriction of chromosome pair number 1.
FISH with a 45S rDNA probe produced bright signals on the same subcentromeric location of the Ag-positive sites (Fig. 3a) , and no additional NOR-sites could be identified. On the same DAPI-counterstained metaphase plate (Fig.  3b) , the NOR-bearing chromosome pair can be easily identified by the DAPI-negative region in subcentromeric position, corresponding to the secondary constriction. FISH with a 5S rDNA probe (Fig. 3c ) produced hybridization signals on this same chromosome pair (Fig. 3d) , again in a subcentromeric location. However, the signals are closer to the centromeres and smaller in size compared to those of the major ribosomal gene clusters.
Discussion
In order to allow future comparison of the cytogenetic features here reported for the Venezuela specimens of M. incilis with specimens from different localities, five specimens were sequenced and the sequences of COI region were deposited in the GenBank. After blasting in Genbank and BOLD, both the level of sequence similarity and the tree topology reveal that the specimens analyzed in present study belong to a separate species from all the Mugil species already investigated through this important molecular marker (M. curema, M. liza, and M. trichodon) , which is a useful complement to their morphological identification as M. incilis.
Eighteen species of the family Mugilidae have so far been cytogenetically analysed and seven of these belong to genus Mugil. As previously described (Sola et al., , 2008 , four main cytotypes (A, B, C1, and C2) can be distinguished in mullet species. The chromosome complement of M. incilis reported in this study conforms to the cytotype A, with exclusively acrocentric chromosomes, which is shared by almost all the investigated Mugil species. Noticeably, M. curema shows a reduced diploid number but a conserved FN (=48) and, as a consequence, two cytotypes, mainly (cytotype C1, 2n=28, in specimens from Brazil and from the Gulf of Mexico) or exclusively (cytotype C2, 2n=24, in specimens from Venezuela) composed of bi-armed chromosomes. The remaining 11 Mugilidae species also show the conservative 48 uniarmed karyotype. However, while five of them show cytotype A, the six remaining species show cytotype B, which differs from the former due to the presence of a single subtelocentric chromosome pair among the remaining acrocentrics of the chromosome complement.
Present results disagree with the karyological data previously reported for the same species. Indeed, in a review on marine fish cytogenetic (Galetti et al., 2000) , a conference communication was quoted (Pauls et al., 1998) reporting a significant reduction in the number of chromosomes (2n=28) in specimen(s) of M. incilis from Brazil. Lately, a metaphase plate, mainly composed of bi-armed chromosomes, and with the same chromosome number (2n=28), was shown by the same research group (Netto et al., 2007) technical paper on chromosome preparation. Unfortunately, no precise information is available neither on sampling localities (along the Atlantic coast of Bahia and/or Rio de Janeiro States), nor on the specimens classification criteria. Moreover the number of examined specimens is also unknown for Pauls et al. (1998) .
Thus, at present it is not possible to speculate whether the karyotype differences among Venezuelan and Brazilian specimens reflect an actual intraspecific polymorphism, or the existence of cryptic species, or are instead due to a misclassification of Brazilian samples. As a matter of fact, the conservative external morphology of the family is at the basis of many systematic problems, as evidenced by the reduction of 233 nominal species to only 80 valid species (Pauly & Froese, 2010) . Specifically considering mullet in the area, through different mtDNA markers (Fraga et al., 2007; Heras et al., 2009; BOLD) , at least three different clusters can be identified within M. curema, which also include other mullet species. Similarly, in the same species complex, from a cytogenetic point of view, in addition to the two cytotypes described above, it has to be mentioned the chromosome complement of M. rubrioculus, formerly considered M. curema ( Nirchio et al., 2003 Nirchio et al., , 2007 , which has allowed to confirm it as a valid species. As one M. curema population from Brazil (Nirchio et al., 2005) exhibits a chromosome complement with 2n=28 (Cytotype 1) apparently similar to the one described for M. incilis from Brazil (Pauls et al., 1998; Galetti et al., 2000; Netto et al., 2007) , further sampling of Brazilian specimens is necessary to check out whether or not they belong to a different species from M. curema.
The analysis of the constitutive heterochromatin distribution revealed a generalized centromeric/ pericentromeric location. This analysis has been so far applied to a limited number (ten out of 17) of the Mugilidae species with the 48 uniarmed karyotype, but the location appear to be the same in all of them. Nevertheless, in M. incilis the conspicuous C-positive block in chromosome pair number 1 doubtlessly identifies this pair as a peculiar species-specific chromosome marker. Indeed the larger amount of C-positive heterochromatin in this chromosome pair was found to be associated with the syntenic and contiguous location of both minor and major ribosomal gene clusters in this chromosome region.
The NOR sites, so far investigated in 12 out of the 17 mullet species with the 48 uniarmed karyotype, have been mostly localized either in terminal chromosomal regions or on the short arms of the single subtelocentric chromosome pair of the six species with cytotype B (Sola et al., , 2008 . Only in two species, M. trichodon (Nirchio et al., 2005b) and M. rubrioculus , the NOR sites show an interstitial location. However, in these latter species, the NORbearing chromosomes are of medium size and smaller than the NOR-bearing chromosome pair of M. incilis. Thus, this NOR-location represents a newly detected feature in the family.
As far as the 5S rDNA sites are concerned (investigated in eight out of the 17 species with the 48 uni-armed karyotype), they have been localized in an interstitial position of a mediumsized chromosome pair in most (seven) of the species. In Liza saliens, in addition to this, a second site for 5S rDNA was detected, located in the terminal position of chromosome pair number 1 (Gornung et al., 2001) . Therefore, also the 5S rDNA location observed in M. incilis is new for the family.
However, what is unique is that in M. incilis, differently from all Mugilidae species investigated in this sense, the two classes of ribosomal genes are co-localized on the same chromosome pair. In fact, the major and 5S rDNA seem to occupy contiguous regions of the homologues 1, the former apparently confined to the achromatic secondary constriction, the latter flanking the clusters of 45 S rDNA and located in the euchromatic region, closer to the centromere.
The chromosomal location of the 5S rRNA genes has been investigated in over 60 fish species (Martins, 2007) , and the location of minor and major rDNA clusters on different chromosome pairs is the more common condition found in bony fish, including those species which have more than one chromosomal site for 5S rDNA. However, evidence of colocalization of 5S and 18S rDNA has been reported for some species of Acipenseriformes (Fontana et al., 2003) , Salmoniformes (e.g., Pendas et al., 1994; Moran et al., 1996; Fujiwara et al., 1998; Rossi & Gornung, 2005) , Cypriniformes (Inafuku et al., 2000) , Characiformes (e.g., Almeida-Toledo et al., 2002; Cioffi et al., 2009; Diniz et al., 2009 and references therein), Perciformes (Nirchio et al., 2009; Pisano & Ghigliotti, 2009) and, now also, Mugiliformes (present study). Interestingly, all the possible syntenic conditions have been found, either the two sets of genes in distinct and disjoint chromosomal regions, as in Astyanax scabripinnis (Mantovani et al., 2005) and Parodon tortuosus (=Parodon nasus) (Vicente et al., 2001) , or in adjacent regions, as in M. incilis (present study) and Triportheus nematurus (Diniz et al., 2009) , or the 5S rRNA genes interspersed along the clusters of 45S rDNA, as in Notothenioidei (Pisano & Ghigliotti, 2009) .
The peculiar cytotaxonomic features of Mugil incilis might constitute a clear cut diagnostic tool in showing species boundaries, which might be very helpful in identifying cryptic species in the M. curema complex, as already occurred (Nirchio et al., 2003 ; on the other hand, present data indicates that it would be useful to add cytogenetic data on the other Mugilidae species which have yet to be described and to parallely increase the molecular database on them, in order to clarify the karyoevolutive patterns and the phylogenetic relationships within the family.
